Abstract. Integration ontologies and rules has become a central topic in the Semantic Web. In order to deal with uncertainty and inconsistent information, possibilistic description logic program has been investigated in recent years. However, possibilistic description logic program also cannot well model a great deal of real-world problems, because the accurate degrees associated with axioms and atoms are usually difficult to provide for experts. To address this problem, we further extend possibilistic description logic programs so that they can deal with inaccurate degrees associated with axioms and atoms. Therefore, we propose tightly coupled interval-based possibilistic description logic programs under possibilistic answer set semantics, which are a tight integration of disjunctive logic programs, interval-based possibilistic logics and possibilistic description logics. First of all, we define the syntax and semantics. Then, we show some semantic properties. Furthermore, we present three reasoning problems, and present some algorithms to solve these reasoning problems.
Introduction
As an extension of the current World Wide Web, the Semantic Web aims to help computers to understand and process web information automatically [1] . Now, the integration ontologies and rules has become a central topic in the Semantic Web. In fact, standard ontology language is based on Description Logic [2] , and the existing proposals for a rule language for use in the Semantic Web originate from Logic Programming [3] . Eiter et al proposed description logic programs under answer set semantics [4] . Subsequently, Lukasiewicz presented a new method to description logic programs under the answer set semantics [5] . Yidong Shen proposed well-justified FLP answer set for description logic programs [6] .
Unfortunately, a great deal of real-world problems cannot be modelled by description logic programs, because crisp description logic programs cannot model uncertain and inconsistent information. Nevertheless possibilistic logic can represent and reason on uncertain, incomplete and inconsistent knowledge [7] . Dubois et al. defined the syntax and semantic of possibilistic logic, and also provided some reasoning problems [8] . Dellunde et al. present several fuzzy logics trying to capture different notions of necessity for Gödel logic formulas [9] . Benferhat et al. present an interval-based possibilistic logic [10] . Subsequently, Dubois propose a generalized possibilistic logic [11] . In fact, many researchers have focused their study on possibilistic description logics in recent years [12] . Subsequently, Dubois proposed a new possibilistic description logic [13] . Moreover, Guilin proposed a new possibilistic description logics [14] . Furthermore, he provided a possibilistic description logic reasoner PossDL [15] . Moreover, Lesot et al. improved tableau algorithm and proposed a new algorithm to compute the inconsistency degree of a possibilistic DL knowledge base [16] . We propose an interval-based possibilistic description logic IP-SHOIN(D) [17] .
Therefore, this paper aims to further extend possibilistic description logic programs such that they can represent uncertain information with intervals. In this paper, we propose tightly coupled intervalbased possibilistic description logic program (or simply interval-based possibilistic dl-program) under interval-based possibilistic answer set semantics, which combines possibilistic description logic program with an interval-based possibilistic logic. Firstly, we define the syntax and semantics of interval-based possibilistic dl-program. Then we show some semantic properties. Finally, we define three reasoning problems, and present some algorithms to implement these reasoning problems.
Interval-based Possibilistic Description Logic Programs

Syntax
Let  be a function-free first-order vocabulary with nonempty finite sets of constant symbols > , which denotes that the certainty degree of the atom a is one of the elements of the interval L. Moreover, we define the classical projection * and necessity degree projection d as follows:
In this paper, we use PM to denote a set of possibilistic atoms in which every atom a occurs at most one time in PM and always with a strictly positive certainty degree, that is to say,
3. An interval-based possibilistic disjunctive rule (or simply interval-based possibilistic rule) r is of the form
, where
, and L ∈ ℒ. Moreover, we define the classical projection * and the necessity degree projection d of the possibilistic rule r as follows: ( )
is called the possibilistic head of r, i.e.
, and the set
is called the possibilistic body of r, i.e., PB PB PB
. In generally, we can write an interval-based possibilistic rule r as a form of 
Semantics
A term is ground iff it includes only constant symbols from c
 . An atom ( , , ) 
Definition 2.7. A ground instance of an interval-based possibilistic rule r is an interval-based possibilistic ground rule
, , , , , , , ,
are obtained by substituting constant symbol from c  for every variable appearing in 1 1 1 , , , , , , , ,
respectively. A ground program of an interval-based possibilistic program IP is a set of all ground instances of interval-based possibilistic rules in IP.
In this paper, we use PossG(P) to denote all ground programs of an interval-based possibilistic program IP. 
h is a predicate symbol of arity 13. An interval-based possibilistic reduction for IP is defined as follows:
. Moreover, an interval-based possibilistic reduction for IKB is Icon IKB , is defined as follows:
Proof. According to Definition 4.1, for any 
. So, the consistency degree of KB is According to the above theorems, we propose an algorithm ICONIP is to compute an intervalbased consistency degree of an interval-based possibilistic dl-program knowledge base IKB as shown in Figure 1 . The main idea of this algorithm is to compute the consistency degree of two compatible possibilistic dl-program knowledge bases. 
Conclusion
In this paper, we combine description logic program with interval-based possibilistic logic, and propose an interval-based possibilistic description logic program. Firstly, we provide the syntax and semantics of interval-based possibilistic dl-program, the concepts of interval-based description logics are used as unary predicates of possibilistic disjunctive programs and the roles of intervalbased description logics are used as binary predicates possibilistic disjunctive programs. Secondly, we present some semantic properties of interval-based possibilistic dl-program under interval-based possibilistic answer set semantics. We prove that the interval-based possibilistic answer set semantics of an interval-based possibilistic dl-program faithfully extends the possibilistic semantics of an interval-based possibilistic program and interval-based possibilistic description logic. Finally, we present three reasoning problems: computing consistency degree, credutions possibilistic consequence and skeptical possibilistic consequence, and propose some algorithms to solve these reasoning problems. In a word, possibilistic dl-program can well represent and reason a great deal of real-word problems. An interesting topic of future research is to implement of the presented approach. Another interesting issue is to extend interval-based possibilistic dl-programs by a new semantics.
